Monocalcium aluminate
INTRODUCTION
Calcium aluminate cements (CAC) have alumina contents varying from about 38% to 90% w / w , in the form of monocalcium aluminate (CaAl 2 O 4 or CA). Second phases include belite, corundum, dodecacalcium hepta-aluminate, ferrite pleocroite, gehlenite, monocalcium dialuminate, and wüstite. The CA is the major hydraulic reacting with water to form a series of calcium aluminate hydrates, which vary with temperature and time. [1] [2] [3] [4] At low temperatures (<20 °C), the main crystalline hydrate formed is CAH 10 , and an amorphous phase is formed in considerable amounts. [5] [6] [7] This amorphous phase is usually taken to be alumina gel, but Payne & Sharp have argued that it must be one containing a calcium aluminate hydrate of unknown composition since no CH [Ca(OH) 2 ] or calcium rich aluminate hydrates are simultaneously formed to maintain a chemical balance. 8 At higher temperatures, C 2 AH 8 is formed as well as or instead of CAH 10 . Both of these hydrates are hexagonal in morphology and thermodynamically metastable. Above 28 °C, they convert rapidly into C 3 AH 6 which has a cubic structure, and gibbsite [Al(OH) 3 or AH 3 ]. 7 The reactions are schematically summarized below. 3 .9H 2 O (Aldrich 98%). For each composition the appropriate stoichiometric mixture was very thoroughly ground in an agate mortar and pestle for several minutes. The mixtures were then treated using method described by Prodjosantoso. 12, 13 Hydrated samples were prepared by adding H 2 O to the finely powdered oxides in the mole ratio of 100:1.
EXPERIMENTAL
14 The mixtures were stirred for 2 weeks under a nitrogen atmosphere at ambient temperature. The reactions were terminated by addition of acetone, and the solids were collected by filtration and then dried under a stream of dry nitrogen. The resulting materials were then characterized using Scanning Electron Microscope (Hitachi SU 3500), Thermogravimetry Analyzer (Mettler Toledo TGA-DSC 1), Powder X-Ray Diffractometer (Shimadzu XRD-6000 ), and Fourier Transform Infrared Spectrophotometer (Shimadzu IR Prestige-21).
RESULTS AND DISCUSSIONS
The hydration of Ca 1-x Sr x Al 2 O 4 was undertaken at intermediate temperature ie. at between 28 to 36 °C for 14 days. The morphologies of the unhydrated and hydrated Ca 1-x M x Al 2 O 4 samples were inspected using SEM. In general, the samples consist of non-descript shaped crystals with sizes varying in the range 0.01 to 0.1 mm. A selected SEM micrograph of the samples is displayed in Figure. 3 ], can be detected by X-ray diffraction (XRD), the peaks are not readily suitable for quantitative analysis. Preferred orientation can occur with hexagonal phases such as CAH 10 , and also the hydrates may not be entirely crystalline, especially at the early stages of hydration. Also there are phases, which are amorphous by nature, e.g. the gel phases, and the presence of these will not be detected by XRD. 6, 7 Therefore, the use of thermal analysis techniques is very important in the study of CA as it gives information as to the hydrate phases present in the early stages of hydration, when this may not be possible from XRD. 9 The morphology and mechanism of crystallization of the gel phase has previously been studied by TEM. 10 Although there have been some reports about conversion reactions products in high alumina and calcium aluminate cements, but there is lack of information about the exact microstructure and growth of these phases. 12 . The TGA-DSC plot of hydrated Ca 0.5 Sr 0.5 Al 2 O 4 is depicted in Fig. 3 . while the thermal decompositions of hydrated Ca 1-x Sr x Al 2 O 4 are listed in Table 2 .
Some samples indicate stages weight loss at temperature below 80 °C indicating evaporation of acetone used to terminate dehydration processes, and trapped in the solid samples. The rest of the stages, in general, consist of a two main stage weight loss. The first one, in the range of 250"300 °C, is attributed to the decomposition of Al(OH) 3 The characteristic feature of amorphous Al(OH) 3 phase such as the gradually changing and step-less weight loss curve and the broad DSC It is difficult to estimate the relative amounts of amorphous Al(OH) 3 in the sample based on the DSC endothermic peaks. When a sample is a mixture of different chemical species, and the weight change is much slower due to, for example, release of strongly adsorbed water, than the temperature ramping rate, its DSC curve does not necessarily show their endo-and exo-therms at the same temperatures and can be weakened and broadened. A DSC peak height is not often related to the amount of the weight loss. If the weight decreases linearly with increasing temperature, the DSC curve will look flat although there is a weight loss. However, the TGA data seems to suggests that Al(OH) 3 is a major species.
The main loss of water occurred at around 300 °C indicates the presence of Ca 1-x Sr x Al 2 (OH) 12 There is no evidence of mass loses between 350°C to 550 °C indicating the absence of the Ca(OH) 2 and or Sr(OH) 2 decompositions.
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The crystalline phases present in the unhydrated and hydrated Ca 1-x M x Al 2 O 4 samples 12 indicated by a strong reflection at 2θ at about 17.27°. Minor peaks were observed, which could be assigned to Al(OH) 3 crystalline phases.
FTIR has been used to collect evidences supporting the presence of Ca 1-x Sr x Al 2 (OH) 12 and AH 3 in the hydrated Ca 1-x Sr x Al 2 O 4 . The FTIR spectra of selected hydrated samples are depicted in Figure  6 , and the IR frequencies are listed in Table. 3. The formation of Ca 1-x Sr x Al 2 (OH) 12 could take place at the presence of a low concentration of OH -, e.g. pH = 7-8. In basic systems, the solubility of Al(OH) 3 is quite large.
High solubility of the ionic species favors a large amount of hydrated ions releasing for participation in the homogeneous formation reaction; this also eliminates the chance for the occurrence of impurities. On the other hand, highly crystalline Ca 1-x Sr x Al 2 (OH) 12 can be formed in wider ranges of input concentrations. In the corresponding IR spectrum in Fig. 5 ., the absorption band at ca. 3600 cm -1 assigned to-OH stretching vibration of the lattice -OH in Ca 1-x Sr x Al 2 (OH) 12 , and the bands at ca. 3450 and 1600 cm -1 assigned to-OH stretching and bending vibrations, respectively, in adsorbed water were also observed. 20, 21 The absorptions at about 850 cm -1 and 913 cm -1 are the characteristic absorption of the Al-O stretching bond. 22 The absorption at 1030 cm -1 is assigned to Al-OH bond. The weak absorption at 666 cm -1 is the absorption of CaO, Sr-O bonds or the combination of both of the compounds Ca 1-x Sr x Al 2 (OH) 12 . The complete IR frequencies of hydrated Ca 1-x Sr x Al 2 O 4 is displayed in Table. 3. 
